Percutaneous transluminal angioplasty has been shown to be both feasible and efficacious for the treatment of aortic coarctation. Recent reports, however, have indicated that the development of aortic aneurysms at or near the coarctation segment may complicate attempts to treat this lesion by catheter-based intervention. Accordingly, we examined the light microscopic features of coarctation segments excised at surgery (n = 31) or obtained at autopsy (n = 2) in 33 patients with coarctation of the aorta. Cystic medial necrosis, defined as depletion and disarray of elastic tissue, was observed in each of the 33 specimens. In the majority of coarctation specimens (22 of 33 or 67%) the extent of cystic medial necrosis, graded semiquantitatively on a scale of 0 (normal aorta) to 3 +, was severe (3 + ). The finding that cystic medial necrosis represents a consistent histologic feature of coarctation of the aorta provides a pathologic basis for the formation of aneurysms observed after balloon angioplasty of coarctation sites.
SINCE Gruintzig's successful development of percutaneous transluminal coronary angioplasty,l catheterbased interventional techniques have been applied to an increasingly wider assortment of cardiovascular disorders. Preliminary trials of pulmonary,2 mitral,3 and aortic4 balloon valvuloplasty have yielded encouraging results. While the initial experience with balloon dilation for coarctation of the aorta was reported to be similarly favorable,5-9 recent postangioplasty followup studies in such patients have indicated that aneurysm formation at or near the coarctation segment may be a consequence of this intervention.'0' 11 Several lines of evidence have strongly suggested that aneurysm formation after coarctation angioplasty might be related to underlying aortic histopathology. First, cystic medial necrosis has been observed as a predictable consequence of aortic banding in a canine preparation of cardiac hypertrophy.'2 Second, before the advent of surgical correction of aortic coarctation, dissection and/or rupture of the aorta constituted a leading cause of death in such patients. Third, the finding of cystic medial necrosis has been implicitly or explicitly reported in several patients with aortic coarctation studied at autopsy.'1- 9 Accordingly, the purpose of this investigation was to systematically evaluate the aortic histopathology in patients with coarctation of the aorta to determine if cystic medial necrosis is a consistent histologic feature of this congenital lesion.
Methods
Histologic sections prepared from resected portions of the thoracic aorta from all pediatric patients in whom such specimens had been preserved after surgical repair of aortic coarctation at the Tufts-New England Medical Center between January 1977 and January 1986 were reexamined by light microscopy. In addition, the aortas from two infants studied at autopsy who had aortic coarctation and whose aortas had been preserved intact were serially sectioned in preparation for histologic examination.
Judgments regarding the finding of cystic medial necrosis were made on the basis of sections stained with an elastic tissue stain (Verhoeff's elastic tissue stain or Richardson's combination trichrome-elastic tissue stain). Sections stained with hematoxylin and eosin were examined in each case as well. Sections stained with alcian blue were available in selected cases.
Cystic medial necrosis was defined as depletion and disarray Score 0 1 2 Aortic Pathology FIGURE 1. Grading scheme used to semiquantitatively evaluate extent of cystic medial necrosis (see text).
of the normally parallel lamellas of elastic fibers that comprise the aortic media.20 It has been previously recognized21' 22 that minimal alteration of this parallel lamellar architecture may be observed in patients, particularly older patients, without evidence of cardiovascular disease who are studied at autopsy. The extent of cystic medial necrosis observed in each section examined by light microscopy was therefore graded semiquantitatively according to the following arbitrary scheme (figures 1 and 2): 0 = normal aorta (cystic medial necrosis absent); 1 + = foci of cystic medial necrosis limited to the inner (subintimal) one-half of the media; 2 + = foci of cystic medial necrosis involving the inner one-half of the media with occasional foci in the outer (subadventitial) one-half as well; 3 + = extensive foci of cystic medial necrosis distributed throughout the entire thickness of the media. Only those sections that contained a full transmural thickness of aorta were used to grade the extent of cystic medial necrosis. Review of the pathologic findings in each case was complemented by review of preoperative or antemortem clinical data. In the 31 surgically treated patients, this included review of the hemodynamic and angiographic findings.
Results
A total of 31 surgically excised specimens was available for histologic examination. Two autopsy specimens were reviewed as well. The clinical and pathologic findings in the 33 patients from whom these specimens were obtained are listed in table 1.
Surgical specimens. Foci of cystic medial necrosis were observed in each of the 31 surgical specimens. In 21 of 31 cases (67.7%), cystic medial necrosis was extensive (grade 3+) (figure 3); only rarely (4/31 cases, 13%) was the extent of cystic medial necrosis limited to the inner one-half of the aortic media (grade 1 +). Calcific deposits, an occasional feature accompanying cystic medial necrosis,'5 were observed in three patients in whom cystic medial necrosis was graded as 3 +.
The relatively short length of aorta comprising the surgically excised specimens was inadequate to determine the longitudinal extent of histopathologic alterations. Cystic medial necrosis, however, was not limited to the level of the coarctation. As is shown in table 1, of the 20 surgical specimens from which more than one transmural section of aorta was prepared for histologic examination, cystic medial necrosis was observed proximal and/or distal to the coarctation site in 16.
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Autopsy specimens. Foci of cystic medial necrosis, with scores ranging from 1 + to 3 + were observed in sections of aorta obtained from both patients studied at autopsy. Cystic medial necrosis was observed immediately proximal and distal to the coarctation site, but was maximal at the level of the coarctation.
The magnitude of the histologic lesion was not specifically related to patient sex, age at surgery, severity of transcoarctation gradient, level of systemic blood pressure, or associated cardiac defects. The distribution of anatomic subtypes of coarctation was insufficiently heterogeneous (only 2/33 cases were classified angiographically as long segment coarctation) to analyze the relationship of this variable to the magnitude of the histologic lesion.
Discussion
The normal aorta is characterized histologically by a thick media comprised of parallel lamellas of elastic fibers. Although Erdheim23 coined the term "cystic medial necrosis" to describe histologic findings observed in two patients who died with ruptured aortic aneurysms, subsequent development of the elastic tissue stain indicated that the fundamental feature of this microscopic disorder was not glycosaminoglycansfilled medial cysts, but depletion and disarray of the medial elastic fibers.24 As a matter of convention, cystic medial necrosis continues to be the term used to describe the histopathologic hallmark of both idiopathic dilation of the aorta and formation of aortic aneurysm in Marfan's syndrome.25 26In the case of the latter, cystic medial necrosis has been implicated as the morphologic basis for aneurysmal dissection and/or rupture.
Aortic dissection and/or rupture were, in fact, among the most common causes of death in patients with aortic coarctation before the introduction of surgical repair by Gross of fatal cases of aortic coarctation studied at the Mayo Clinic.
Despite this well-documented association between coarctation and aortic dissection or rupture, the histopathologic features of aortic coarctation have received little published attention. 29 Reifenstein et al.14 observed that "elastic destruction appeared to be the outstanding lesion" in cases of coarctation complicated by aortic rupture. In 1948 Edwards et al. 5 published a photomicrograph of a section removed at autopsy from the coarctation segment of a patient whose death was the result of aortic dissection, and commented that there was "atrophy and loss of elastic tissue in the underlying media." Dunnill`6 observed increased amounts of medial "acid mucopolysaccharides" in histologic sections taken from the aorta distal to the coarctation site. Balis et al.`7 described a "focal increase of ground substance" and loss of elastic lamellas in 27 coarctation segments excised at the Hospital for Sick Children in Toronto: two published light photomicrographs of sections of coarctation sites showed changes in fact diagnostic of cystic medial necrosis. Published photomicrographs also documented the findings of cystic medial necrosis in two patients reported by White and Zollerl' in whom aortic dissection and rupture occurred 9 and 4 years after surgical repair of aortic coarctation. Finally, of 13 patients who underwent reoperation due to aneurysm formation after prosthetic patch angioplasty, Ala-Kulju et al.'9 found "Cmedial degeneration . . in eight specimens and in two the findings were identical with Erdheim's cystic medial necrosis.v" The results of the present study indicate that the stenotic aortic segment in patients with coarctation of the aorta is characterized by the finding of cystic medial necrosis.
Whether cystic medial necrosis in patients with aortic coarctation is congenital or acquired remains speculative. The possibility that it is congenital is suggested by two observations in the present series of patients: the finding of cystic medial necrosis in two patients studied at autopsy less than 24 hr postpartum, and the finding of cystic medial necrosis in seven patients who underwent surgical repair at under 6 weeks of age. On the other hand, we have previously observed cystic medial necrosis to be a predictable consequence of iatrogenic aortic coarctation. '2 In a canine preparation of ventricular hypertrophy, a circumferential 5 mm polyethylene band placed in the ascending aorta of 17 puppies at 2 to 3 months (m = 2.3) of age and at 1 to 14 months (m = 9.1) before death resulted in transband systolic gradients of 60 to 260 mm Hg; findings at autopsy disclosed cystic medial necrosis at, as well as proximal and distal to, the aortic band level in each of the 17 animals. In the present study, examination of two patients at autopsy and those surgical specimens (n = 16) that included more than one transmural level of excised aorta demonstrated that, similar to the case in the canine preparation, cystic medial necrosis was not limited to the level of the coarctation. The limited number of autopsy cases, however, and uncertainty regarding the orientation of the excised specimen to the ductus arteriosus does not permit conclusions regarding the extent to which histopathology was a function of proximity to the ductus.
Initial clinical applications of coarctation angioplasty resulted in a marked reduction in transcoarctation pressure gradient, and were unattended by The results of a recent multicenter survey" suggest that the apparent frequency of aneurysms after coarctation angioplasty is a function of the extent of follow-up examination. Of 83 patients treated at six different centers, postangioplasty aneurysms were documented in niine. These nine patients represented 11% of the total cohort. 18% of the 49 who were "followed closely post-angioplasty," and 30% of the 30 who underwent routine postangioplasty angiography. These findings support the caveat offered by Lock32 that follow-up studies of even a few years may underestimate the ultimate incidence of aneurysm after coarctation angioplasty. The full incidence (up to 30%) of aortic aneurysms observed after surgical prosthetic patch angioplasty of aortic coarctation did not become apparent for nearly 5 years postoperatively.33 3 True aneurysins were rarely observed in the era when surgical repair of aortic coarctation consisted of resection with end-to-end anastomosis, perhaps because resection of the coarctation segment eliminated the associated histopathology. In contrast, when a prosthetic patch is used to widen the coarctation segment, adjacent unresected foci of cystic medial necrosis may contribute to aneurysm formation after prosthetic repair.
The adverse consequences resulting from percutaneous angioplasty applied specifically to aortic coarctation represent a notable exception to clinical experienice with percutaneous angioplasty in general. Most applications have not only proved efficacious, but have also caused little harm. 35 In the largest experience to date percutaneous transluminal coronary angioplasty intimal-medial tears have only rarely been associated with aineurysm formation.36. 3 The consistent finding of cystic medial necrosis in the present sci-ies of surgical and autopsy specimens suggests that while intiimal-medial tears into the fibrotic plaque of a coroniary stenosis may have a net outcome that is faotiable, similar ballooiinduced tears into a segment ot aortic media inhercntly weakened by pathologic histoarchitecture m1ay have a less favorable long-term I-esult
